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TABLE 1-1    Amount of Energy Deposited in DNA
per Cell per Gray

Constituent
	Mass per Cell (Pg)
	eV Deposited
	Number of 60-eV Events

Deoxyribose
	2.3
	14,000
	235

Bases
	2.4
	14,700
	245

Phosphate
	1.2
	7,300
	120

Bound water
	3.1
	19,000
	315

Inner hydration
	4.2
	25,000
	415

SOURCE: J. F.
	Ward, C. L. Limoli, P.
	Calabro-Jones,
	and J. W. Evans

(Wa88).

Calculated from this is the number of events since 60 eV is the average
amount of energy deposited per event.

The yields of DNA damage necessary to kill 63% of mammalian
cells (63% of cells killed means that, on average, each cell has sustained
one lethal event) can be assessed for various lethal agents (Wa88), as
shown in Table 1-2. The high efficiency with which ionizing radiation (and
bleomycin) kill cells is not simply due to individual OH radical-induced
lesions, as witnessed by the large-scale production of single-strand breaks
with hydrogen peroxide. Ward et al. (WA87) suggest that the efficiency of
cell killing by ionizing radiation at relatively low levels of DNA damage is
due to the production of damage in more than one moiety in a localized
region, i.e., lesions resulting from multiply damaged sites in a single location
or locally multiply damaged sites (LMDS).

Recent studies (Wi85, Gr85, Ei81), as analyzed by Ward (Wa88), sup-
port the importance of indirect effects of ionizing radiation in producing
damage to intracellular DNA. This is of particular significance in view of
the suggestion that most intracellular DNA damage is caused by direct
ionization and that radicals produced in water cannot access the macro-
molecule. It appears from the above analysis (Wa88) that the volume of
water in the DNA-histone complex (nucleosome) is at least equal to the
DNA volume and that radiation-produced OH radicals in the water volume
have ready access to the DNA molecule.

Some of the current assessments of DNA damage caused by ionizing
radiation in mammalian cells (Wa88) are as follows: (1) direct and indirect
effects are both important; (2) the quantity of damage produced by ionizing
radiation is orders of magnitude lower than for most other agents for equal
cell-killing efficiency; (3) individual damage moieties are not biologically
significant since they can be repaired readily by using the undamaged DNA
strand as a template; (4) LMDS are more likely the lethal lesion in cellular